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Description >■ ,■ , . . . ; 

Technical Field 

s [0001] The present invention relates to a steel, for a welded structure, used for" an offshore structure, a line pipe for 
transporting natural gas or crude oil, in architecture, in shipbuilding, for a bridge, for construction equipment or the like, 
and a method for producing the same. More specifically, the present invention relates to a steel, for a welded structure, 
requiring toughness at a weld zone, having a small prior austenite grain size at a weld heat-affected zone (hereunder ■ 
referred to as "HAZ") even when the steel is welded on a heat input condition that the heat input during welding widely 

10 ranges from 0.5 kJ/mm to over 150 kJ/mm, and being excellent in toughness at the weld heat-affected zone (hereunder- : • . < , >; ; 
referred to as "HAZ toughness") without depending on the heat input condition. 

- V "H t r .,- - - - " ■ •> • • M 

Background Art ' ^ :>"■ " ■■" * 

is [0002] From the viewpoint of preventing the brittle fracture of a welded structure such as an ofehore.structure or the , r . - 
like, studies for suppressingjarittle fracture ansing^at a weld zone, namely, many studies rejatecl to.enhaqcing the HAZ . 
toughness of a used steel plate, have been^regort^ for improving weldfng pnx»dureWicienc^ ; ulto-^ v . ^ 

large heat input welding (20 to 150 y/mrn) having ^larger weld heat input than the formerly emplqyepyar^ 
welding (about 20 kJ/mm pj^ss^ has been jnc employed. J U : 0 g y : $ \'j ±± 

20 [0003] The difference between the ►influence of large teat input welding on a steel plate and that of ultra-large heat 

input welding on a steel plate is caused by the difference oHheir retention times at high temp^ej^respf J^40a?C or mxjre.. ^ IohC ; ^ - j 
[0004] That is, since a Retention, tim^^ irr oas© of ultra-large heat input welding, the area where a' 

crystal grain size markedly coarsens^xjjanc^ at a^HAZ^and [ toughness' deteriorates considerably.^ nca3 ,^ f -:^ ; r - ^ j * r\ 
[0005] Generally, a£measuj^ grains at a HAZ of a steel plate, know are -vJ^t 

25 the means to make use ofthe effect of Binning (a panning effect) prior austenite grains (hereunder referred to as "prior 

y grains," and the size thereof being referred to as a "prior y grain size") by inclusion particles finely dispersed in trje n { ; 
steel, the inclusion particles being, ^f or .exam Unexamined Patent Publteation^No;. r - ; -_« . 

S55-26164 or ZrN in "a steel for a large heat input : welded structure characterized by containing, .in weight %■ p^01rto., v ^.. ; ,,; 
0.2% of C, 0.002 to 1 .5% of Si, 0.5 to 2JS%^^ff f ^k^^0A^€lll\ and/or Zr, 0.004% o^lWs of ^ 

30 to 0.1 % of Cejind/or La, 0.005 to GUI % of Aland 0.002 to CL01 5% of N" as described in Japanese" Unexamined' Patent 

Publication No. S52^17314. r^^m*^:*^ *Wj Qw\;*\ t ^ *Y?rrA***£Tr> C* : 0 '^'^ ^O r -v > P T 2 , ^ t5 \ 

[0006] However, though such Mriaes contribute toJrinin^.cry6^ : gr^ii8] by, showing a pinning effect 61 pinning . jjrior^ 1 
y grains without dissolving in case" of small or medium heat input welding, mere is^a problem thai the nitrides easily " 
dissolve in a steel by welding heat and disappear in case of large or ultra-large heat input welding having an extremely 

35 long retention time at a high temperature of 1,400 °C or higher. iT '' r ' !t£:-n ' ' " ,v f ; ' *r.^o^ ^ [ y ) 

[0007] in the meantime, in recent i years; ^disclosed have been the technologies ^fuslng^oxides generated in moften r = e ^tit* .* 
steel for the purpose of further improving HAZ toughness. For example, Japanese Unexamined Patent Pubiica^n No^ n: f~ tr< j VP ^ 
S59-190313 discloses a method for producing a steel material excellent inweldabllity; characterizecl by "deoxidizing' 1 n V: 
molten steel with Ti or Tl alloy and then adding Al, Mg, etc. This production method is a technology to make use of the 

40 effect of increasing a ferrite ratio by making Ti oxides act as transformation nuclei of f errite and to attempt to improve - ' Uo J U 
HAZ toughness by a method different from the ^former method of ^utiHzing a pinning effect by precipite^ ccfr *^ 
[0008] After that, in this technical field, various inventions, including the friventiohs of attempting' to r in^ "v.^niv^-i 
number of oxides actirig as ihtragranular transformation nuclei, have been discIose¥in3 ^ lZ ^ 
Publication Nos. S61 -79745, ^5^3977 and H 6-37364. N } ■ , J C f^^ ^ ^ Ji '^ ^ d 

45 [0009] In paAiMJlflrflfi 1 descn^^ fn UaDanese Unexamined Patent Publication Nol S59-1 9d313!%eessence : oftfi ' ^ V** 
technologies i 
a transformation, 
described i 

mation during y to a transf brmatipn arisjnojff a cooling 

[0010] These tougKneW' ^provenient methods are^airbased on the technold^Ho 'Sis^eree ^a 

large oxides of about l^las WrisfoitTO in a coars'e structure for promoting ferrifeltransfofmklo^ ^ 

[0011] However, in recent years, from the. viewpoint of the size expansion and weight reduction of wel&H stmctuTes? n nx ' : ^ r ^ 
high tensile steels with higher strength are increasingly required and the addition amounts of alloying elements tend 
to increase in the chemical composition of the high strength steels. In this case, the existing HAZ toughness improve- C 



50 




ment measures to utilize ferrite transformation have been losing their effectiveness because of the increase of hard- 
ened llity at a HAZ. 

[0012] From the above viewpoints, to radically improve HAZ toughness, the pinning effect on prior y grains can be ^ 
expected on wide-ranging heat input conditions, and oxide particles can be soluble at a high temperature, like finery «s? 

Q 

v, 
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dispersed nitrides. , jn ,a .steeLvMoreoyer, in thjs case. lt is considered that, If it is possible, to. obtaip,a.transjpipation , 
capability better than existing ferrite transformation nuclei, the HAZ toughness of a steel material used jn this technical 0 t5 -.;, : , 

field will improye greatly.^ ^qco^ :on ^z-.,-^:: r.V- . . <£ste ;j^z\6ok\ vv ft*r^m rj*:;f: 

[0013] As a method to jntroduce oxides, there is a method to add a deoxjdizing element ^such as t Jl, etc. alone in a ^ ^ ^ r . ,J 

5 refining process, oj steeJJHoweverJn many cases^ the aggregations of oxides are formed during the holding of rnolten Jor . s n ., JV . 0 
steel, resulting in the forrriatiorv of coarse oxides.and the cleanliness ofthesteelratherdeteriorates and thus toughness. t 
also deteriorates. To cope with that, as^explained above, various contrivances for .finjng^those^oxides^inclu c ,. r • . . . 

complex deoxWizmgjTjethodj have 7 . _ k . ... l t * v -.iLitcTS rc- oori 3r»;~4.c. '^0" 

[001 4] HoftKmr t ^^Bjc\^^& presently known , it is impossible to disperse, in steel, fine oxides haying a function Q? r ^ <1 ^, J( . . 

10 sufficient to p£f^^ grains in the case of large wejd^heat jnp^ ^.7 v , at 

•o ; esc j oi q DfrtJlsmiaeta o ?fi nM but* tC gir^jK y. .- , . . :;--.,; % u£b /.v;\7 & L-:» gn.\moo K-'te v'cuoenstfumte 

Disclosure of the Invention 2ao , no ^ h . 5 0 ; . . , . ^ pf/ r ,-., b ^. tQ #frtf ^rt* teste srU ort:h>^ 

[0015] The object of the present invention is to provide a steel for a welded structure, excellent in, HAZ . toughness, ^ , yj r ;c ;u _ 
*5 even if the steel is welded on any heat input condition, including ultra-large heat input, by improving the existing cx>mpleY 

deoxidizing method, dispersing oxides and/or nitrides more finely and evenly than before, and further imposing, in vi&r^ 
addition, a ferrite transformation capability on the finely dispersed particles. 

[0016] The gist of the lP resent inveptionjs-as^ £ i: • v , , (3 „ B ., p ... _ onwe ^ s ~ r 

[0017] (1) A steel. for.awelded,structure with. HAZ toughness not susceptible to heat input.xharacterized^by: con- c r _ ' n 
20 taining, in terms of wt%, 

ii/in~vni ;jC cniy^sO *ot cbcM f£.s-£! 

C: 0.01 to 0.2%, 

SI: 0.02 to.0.5%ij ; ,| TCC t. p P(C na ;? *s vd - • ■ • • r.fno m 'r.^r^is rt - p^i JtSiT i n^on>l &i J! p.£tiOJ " 

Mn: 0.3 to 2%, SAH $-^qr. x 3t«r,? ;jr.r. Jn-ps gnisnatfuccb £ 

25 p : 0:03% i prless l „, Q ; cnri33j y A ^i X0 v 0 r , Cl , , - -b -v - c . i .: i^ir^ ^A;*: .wiqm: cj cn?.sn c -s^ [3330] ^ 

S: O.OOO^to 0^03%^^^ * n3 t f; q b©n!fn2Kfift*J -eooou.v.. , .•■ . » ^ -T ui.:v c „ : . r * fl -»,^ 9 riw oii. j.v r : ! C 

Al: 0.0005 to 0.05%, xrO,9N«c3 
Ti: 0.003^0,0^%, i: , 0 ^ .^e-ab visr-.l 3h' ^\c,ooE •» \ . , . rn: . - -i^ aioi^d raovn ievg^oH 
Mg: 0.0001 to 0.01%, and r^bixo snl gnirn.q :o 0' • ^ * n- - -^io:2nsT l i£iLin^^.t;:v e »£ rioir^w .sob^o «T !o 
50 O: O.OOOj^to.jOjMJB^,^^^ .Te^i&.xc-cb Qnoita s -sc oM *c • vort cni'^q .sicJnwni Jna&eiqerIT fTSCO] ^ 

bobbs IT ft nt lesibint^sb em *o ncnr,bbB art! »n jn-jc^ ■ ■■* . * • ■ .ror Jt tf ti i9«csq^9 cd Sriglm aebix^ to ncisiaqalb ©nil 



with the balance consisting pf.Fe,and,unavoidable^impurities; 



see a oi a pno ^r'ii^ Oio s.n» bs»ioi2noo oi^w ieol3 



and having particles dispersed in the steer at an average particle interval of 30 to 1 00 urn, the particles bejng.formed R 
by precipitating either any one of sulfides and nitrides singly orthe both thereof in combjnation^ PSCOI 
35 oxides with the, particle.sizes of 0.2 to,5,um as Jheir nuclei, or barticles dispersed in the. steel atan average particle".-'-. ;^r»^ 

interval of 30 uxn or less, the particles being formed by precipitating either any one of sulfides and nitrides singly 6r . , ^ ; 

the both thereof inxombination.using Mg contained oxides with the particle sizes of 0.005 to less. than 0.2 urn as their m A r ^o- 

nuclei. , Q ni icrtnui bns vlt*.i'OC"BJInrni% uonu.j . ■ • r ^ -.l" nerii br»fi iT 1c *ob^ orft .*j osbbs »ow 

[0018] (2) A steel for a welded structure with HAZ Roughness not susceptible, to heat input according to > th^ Jtem f (.1)^ (r ^ ;| , 

40 characterized ; by.f urther containing,, in terrnsl o ; f ^4 |t "!ohe; or more of . t . , .\ , ,,' r . ni C" , ~. rrw 

Cu: 0.05 to 1.5%, . , . J % . " . .. 

Ni:0.05to5^;: ;r%vf!ii f . t _\ . vj , ' , iVO ;nifc J" ^ 

Cr: 0.02 to 1.5%, ^ ^ 

V:0.01 to 0.1%, . 

Nb: O.OqOjlto.05^,^.^ on|r: . :;nrjri . if . f . 1 ... ; ■ - 5 b,:.— . 4 .^/, ni >ccha =:« «/iii:dB 

Zr: 0.0001 to 0.05%, ' , , . . . . 

Ta: 0.0001 ,to 0.05%, and fo _ L .... « f . . " 0 , ^, N -,, rv 

50 B: 0.0003 to 0.005%. ,„ . . /' . , 4 , ... 

. -y 1^1-1; n^iti ict/ir-Jri 3- g?;* >o v: * u^- * . « - A &nsVs ml =a Ljc :Tnoi sib vir.^ ro o^i-o^^^o 

-»er»r^do need ic-n <=> .1o«riw . 3?i2 fl'o'hr^ *■ : ■ ' ■ "rSp sa 3rlj r» i e-PGOirmj he ituaa; r a A [£.?flG*« 

[0019] (3) A steel for a welded structure with HAZ toughness not susceptible to heat input according to the item (1) : 

or (2), characterized by further containing, in terms of wt%, oneormoreof . 

to ^m-i ''V.^iii or* -vc^-«.: o;:-. v . ■: :v; : w ^n? ^^.rr ar:? .31 sisn -J r o 

55 Ca: 0.0005 to 0.005% and, , ^_ 

REM: 0.0005 to 0.005%. r-^ ^ . 

[0020] (4) A steel for a welded structure with HAZ toughness not susceptible to heat input according to any one of • 
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. the items (1 ) tb (3), characterized by having the pripr austenite grain sizes of 1 6 to 200 \ift\ in its HAZjstructure without ; 
. depending oh weld heat inputs { T '*" " * : *u;. J ■ - c. r » :fV - v : O- 1 

[0021] (5) A method for producing a steel for a welded structure with HAZ toughness not susceptible to heat iripuf 
according to any one of the items (1 ) to (4), characterized by*, casting the steel in the state of adjusting the dissolved 

5 oxygen amount at 50 pprn or less by adding i 0.003 to 0.05 wt% of Ti ancl a required ! ambiiht of Mg successively or 
simultaneously after canyirig'but a 'weak debxidation treatment by adding Si and Mn in asteelmaking process^ or 
casting the steel after further adding Mg so that the final content of Mg is 0.01 w^ \ ' ^ ' 

[0022] (6) A method for producing a steel for a welded structure with HAZ toughness not ^ susceptible 'to Heat input ; 
according to any one of the items (i) to (4); characterized by: casting the steel ih 'the state'df adjustirigHhe^issolv^ 

w oxygen amount at 50 pprn or less by adding 0.003 to 0.05 wt% of Ti and required amounts of A(, Ca arid Mg successively 
or simultaneously after carrying out a weak deoxidation treatment by adding Si and Mn at a steelmaking process; or 
casting the steel afterfurther adding Mg so that the final content of Mg is 0.01 wt% or less. ' vr : * : 



15 
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Brief Description of the Drawings ., " j \" . " 

[0023] " ,! ' ' : ,,rr 1 * ,v 



Figure 1 is a graph showing priory grain sizes at HAZs when the amounts of weld heat input are varied. 1 ^ - " r ' v \ 
Hqure 2 is^scliematlc^ thefo'rm's 5 of complex particles fiaving^ul^-firie *M " 1 1 ' t ' i vc *" i 

Best Mode for Carrying Out the Invention 

[00241 It is known that Mg is an element to enhance the cleanliness of a steel by acting as a strong deoxidizer and -° 
a desulfurizing agent and thus to improve HAZ toughness. ^ ~ 4 - ' ' ; 

25 [0025] Further, as a means to improve HAZ toughness by controlling the dispersion of oxides, a tech nology'pf xbm- ^ ' ; 
plex addition wherein Mg is added after Ti is added is disclosed in Japanese Unexamined Patent Publication No. G ^' ' 
S59-190313. r ' ^^^^'^ l ^v 

[0026] Howeven as quoted before, the object of the technology is to accelerate a finely dispersion of the increase^' '* ' " 
of TI oxides, which are intragranular transformation nuclei, by adding Mg for pinning the oxides. a " R V 5!- * r 

30 [0027] The present inventors, paying their attention to the function of Mg as a strong deoxidizer, had the idea that a v f ' K - J 
fine dispersion of oxides might be expected if the sequence and amount of ^ 

steel were controlled in a steelmaking process'by making use of the characteristic of Mg Is more Mrdiy r caused^ ^ ' 
aggregation and coarsening than Al. " , , t . . , , „ 

[0028] The^present invention' will hereunder be e^lained m deteil^ - ^ ^ ^ n / . ^ " 1 , 

35 [0029] The^prBsehtlnvihtb of oxides^ when ' Mg'was added" to molten 'steel ' " f * ; U! ^ 

deoxidized weakly by ;adding Ti. • ^ n-k ^ - ^ r , ?^ . ,^ r - ,r- 

[0030] As a'resurt^w^found particle slzes^ were lom^'eithef whim'^'ahci Mg * J M 4 rn ' 

were added in the order of Ti and then Mg or when Ti and Mg were added simultaneously and further, in the state of 
equilibrium, M^was added again? after W morten 1 steel was deoxidized b^ 

40 [0031] Moreover, it was confirmed in the present invention thatTlnl^efirefstep Mg deWdation, the same trends as^ 

stated above were also obtained when Al and Ca were added simultaneously or precedently. f ^ r ' 

[0032] One kind is Mg containing oxides having grain sizes of 0.2 to 5.0 \vm and the other kind is ulta-flne'Mbp^y;'''' 
Mg containing oxides having grain sizes of 0.005 to 0.1 urn. It is thought that these oxides are formed based onlhe ;' ^ ^ 
following reasons. ^ ^ „ 

45 [0033] Firstly, oxides, at the^m level composed of Ti orthose mainly composed of Ti are once formed by the addltforr" ^ 
of Ti or the simultaneous addition of Ti and a small amount of Mg. Secondly, when Mg, which has strong deoxidizing^^ 0 
ability, is further added in this state, the oxides already formed are reduced by Mg and Mg containing ox\6€&^tS{^^^\ ^ 
level, mainly composed of Mg, are formed finally. h n ^ « ./^ 

[0034] Further, in this case, in spite of the amount of dissolved oxygen lowering, new fine oxides at the su^jOTjeve^^^^^ 

so composed of Mg only are formed at the same time since the deoxidizing ability of Mg is stronger than that of Ti!" 03 " ,Vl * L a 
[0035] As a result, an increase in the particle number and the fining of the particle size, which have not been obtained ^ 
by a conventional adding method, can be realized. ^ . . . 4 . . 4 ' 

[0036] With regard to oxides having a size at the \xm level, in general, the larger the number of oxides, having a size 
of 5 jim or more, is, the more the oxides tend to become the origins of fractures and, therefore, me upper limit ofjlhe. 

55 Mg addition amount is regarded to be 30 to 50 pprn when Mg is added, as described in Japanese Unexarh|hed flatem t \ i;- 
Publication No. H9-157787. t>: ol ... » , 

[0037] However, in the present invention, the above.problem can be avoided and Mg can be added up to 100 pprn. ^ _ 
[0038] Ontiie other ^H&djn^eof1^e r amount bf Mg^issbrved - ^ ^ 
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oxygen still remains in the molten steel because the deoxidation is caused by a weak depxidiz[ng element or a small >: . r H t , 
amount of a strong deoxidizing element Therefore,' when Mg is added again at thaUime^th^ 

with not only the abbv^mentioned oxides at the 1 11m level orsub-am level but aWthe still remaTning dissolved oxygen' / H 
proceeds moderately and ultra-fine oxides form further. The reason why the uttra-fine oxjdes ; J^ . . c ( ^ . r 

5 the clustering issuppressed due to the, equation of the dissolved oxygen distribution/in molten steel in additioatp the . i iC-J^i h 

reduction of th 3 e ;: d^j^«^ni^unt, jA _ r , M . , , M . 4 C;.<l!M«iM s:IJ ^nrbf.uC* iahx l./.V; »nj 

[0039] As explained, above, the, oxides formed .in steeLbecome the nucleus forming_sites of sulfides and .nitrides , . . % , .„ 
during casting cooling hereafter or reheajlnj'in^hot rolling processes. . , , ^jitex* qW j sata^a a^cnai an: o : ,J: 
[0040] Then, as a result of observing the state of the oxides in steel at a magnification of 1,000 to 100,000 times.. r , ni ^ v 
10 using an electron, microscope, the states, of the oxides existing in the steel can.be arrangedas described in = itemsTl ) 1" , . L.' Z ^ 
and 2) below., Here, to observe the state of oxides existing in steel, it is preferable to.observeJ O visual, fields or more„ . 
at a specified magnification (for example, about 1 00,000 times in case of ultra-fine oxides^ and to^measure the average . t , , ^ . _ 
particle *nterv^ 1r ^, v -_ qc ^ j; ^^ 1o ^t;n;;nbr t ; -el ^. / . ; w ;-^>o35^lxo9nt.tt7flus.UX,l? s*;orca.rlT ^ 

>5 1) Particles, which are formed by precipitating either any one of sulfides and nitrides singly or the both. thereof in 

combination using Mg contained oxides with the particle size of 0.2 to 5 ujti as nuclei; ar^ebntained in steefat ari 4 " rt 
average particle interval of .30 to J OO.um!; ^„.. • „ , .. t r „ ^ rtrv . i4 rtrtri -^^ _ ^ ri „ K ^ t > ^ 
2) Particles, which. are formed by,precipftating either any one of sulfides and nitrides sjngly or the t-both thereof irv^T. t . , _ . 
t»mbinatidn using M^conte^ 

20 in steel %E«^»»-|^4?W5K*o.c ,v, v , '.oen ? vr,i ir^iq aril oi Qnitncaae .oioteierfT pa/07 x 

C'f.n.«nr nBr. .s^e-isncjilnsynon s pi .benfaftvo/if/ed oven 
[0041] The presentinvention relates to a steel material with excellent HAZ toughness obtained bythe oxides existing^ ^ , rM/l/M 

in the state of the above rtems.1 ) and/or 2), and provides an epoch-making technology capable of extremely suppressing^ - ^ ' 

the toughness change at a HAZ^which largely depended on a heat input amount, fonxierty. _ . . . ■ 

25 [0042] The improvement of HAZ.toughness wilLfurthec be explained hereunder, . r! u r ,^ wWH ^ » i 

[0043] As has been known so far, the higherthe number of oxides is, and the more the sulfides and nitndes precipitate 
on the oxides, the more the intragranular transformation is accelerated. Since, as shown in the above item 1). the 
number of the particles increases over ten times compared with a conventional case and, .with regard. to complex Kt r ^ M .. 
precipitation too, 1 00 percent of sulfides or nrtndes precipitate in combination, so far as rt is confirmed, Mg contained . 

3a oxides according to the present invention have an extremely large intragranular transformation i ability. ^ m . . ALJ . 

[0044] Next, the, fining of a prior v particle size which is most important in the present invention will hereunder be ' 

u'jg icJ u^> 5 oj uur^bin &' .uiuitiu G*juno^tt> aft .ut i w,^ r • mL^iq Qfuoi giHD*uot?*5 g vi gaiDDS to vcft.'sm 9^1 1 OJ 

[0045] Figure 1 is a graph. obtained by measunng the prior y particle sizes at HAZs on each condition (1 kJ/mm, ,10 

kJ/mm, 50 kJ/mm, 1 00 kJ/mm or 1 50 kJ/mm) using 0.1 0O1 .OMn steel as the base steel, taking the heat input amounts ra ^ ^ < 

35 along the axis^o^e absdssas.^., i? . Q * 0 Jrmrr>z co: - nM 1o u jnuoms^o?;ibb.« mumiico qjIJ drsupriT [2?S!P 

[00461 In case of actual joints, the pnor y particle size is obtained by taking the photographs (5 pictures, or more), at tJ , 
a magnification of 50 to 200 times with an optical microscope, of microstructures obtained by extracting a part of a 
HAZ with cutting and processing, etc., applying polishing thereafter and further being subjected to Nitral corrosion, and k . 

by measuring the size by the.cutting.method. The prior y particle sizes in the cases of 1 to 50 U/mnrshown in Figure 
40 1 are the ones obtained by.this method. . . . 

[0047] On the other hand.,, in case of uttrariarge heat input, usually, the prior y particle size is obtained by calculating 
it as the prior y particle including grain bounSaiy ferrite since the grain boundary ferfite form's albrig thefpripr y grain' 
boundary, or by^ measuring the prior y particle size from the microstructure obtained by # being heated on^a prescribed . ( 
condition and M ^en~rapiij : TO6^ a production thermal cycling test machine adjusted , '/ \ 

equivalent amounts arelderiticairThepri 

the ones obtained from the microstructure formed by using the reproduction thermal cycling test machine, which meas- 

i nejiorn rianvi* \fh\>^vp oiit.va^aj a' m \S.,'i-: ~- ■• ■•■ ..«i j'V, ol5s o* -2.GSiafoia a« .no&?ut isnnon .»***»;.-.-• vV» 

unnq method is the latter one. * 

[0048] In the figure, the examples of measuring an Al deoxidized steel, a Ti added Al deoxidized steel and'Mg de- ' , ~ _ , 
oxidized steels are shown and it is understood that the susceptibility of the pnor y particle size to heat input is largely 1 ; 
varied depending on the presence of Mg oxides described in the above item 2). 14 % K , ■ ™ ''/f' ; :C J 

[0049] That is, except the Mg deoxidized steels, the pnor y particle sizes become remarkably and obviously large as 1 

\ i . >c^iu»jiirfTcnB vi«T<3iiLi»e^» ^i^. u tc e^'j ; ■ ( •-•■'I •' .t«d .ice'f-'Jif'smesrJbiineeifJDnnuo*?*, .o. iMt^oo^ 

the heat input amount increases. . ^ . 

' r * * -j^ -i '''Tv' 1 ***' s C r «f> Of I O"0 ■ cr f 'Tl •'•rip. «1f ' , "jfin»** i 3 ! GSt? S 'O 

[0050] On the other hand, it is understood that, in case that the oxides exist in the state as specified in the above r „ 
items 1) and 2) or that the oxides exist in the state as specified in the above item 2)7 the prior y particle sizes vary * ~ * 

55 extremely little in Mg deoxidized steels even though the heat input amounts are largely changed. n ^ ^ . f ^ _ p? 

[0051] In particular, the state of the oxides as specified in the above item 2) is a factor governing the "fining of the" 1 ' 1c: ? v, 

pnor y particle size. ^ % # . , . , L , : * i 

[0052] However, if aiieat input amount is up to about 60 kJ/mm, the fining of the prior y particle size can be attained* * 

ai"! s -T -o -ajr z; >*i<..s* \ i ■■■■ ~ .• ■? ^- -it. Irs . Lu^c^c ^,ui r .r. 'zc\z -z.c \: ■^••■. < J "i 
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even if the oxides exist only in the state ais specified in the ^ove Item .1) (alone). : \' m ~'\ ' J ' ; \'\ . 

[0053] Moreover, even in the state of the oxidei ias specified in the above item j . 

the effect is small; and when the state of the oxides as specified in trie above *ltem r 2]i cbexists'tjierevjrith^the fining of 
the priory particle Is markedly 'accelerated. , m \ ' . V.. "\.' r " ° l~ /, .. LV../ , '•! ... 

5 [0054] As a result of observing tee steel plates havihg'fihe prioly paiticles vkh'ah'e^ectfon mfcroscope L it is daitfied : ' M> * ' 

that there exist abundantly the MIIMIII 2 0 4 particles (Mil: Mg, Ca, Fe, Mn, etc., Mill: Al,^ " x 

type structure, havirig MgO and Mg of a f ace centered cubic structure inthe size of 0.1 jihi or less as the ma[n constituent 
elements, or the complex particles of Mg contained oxides and ! sulfides ahoVor nitrides. (tiN, etc.) as schematically 1 ; :j 
shown irvFigure 2. . .. t ^ . ( ...... 

io [0055] In addition, by examining tee relation of crystai between the p^ "! 

oxides and sulfides or nitrides under the ^6&erva^ori J^' an electron microscope, it fe^ \ u \ 

particles has therelation of a completely parallel orientation'. ' - u ' : " " - — ° " ' K '* 

[0056] This shows that the ultra-fine oxides of Mg act as the sites where sulfides and nitrides precipitate pref erentially? ' r * 1 -> 1 
That is, it is thought that the number of the nitrides effective in the pinning of crystal grains increases caused by the r 

is abundant existence of the preferen^ 'V \' - .. ? ■ - ■ V.// -V [I., 

[0057] In other words, it Is considered "that, when heat input 'is small, ttibse complex partide's fanction as the particles ^ ^ 
effectuating pinning, and, when a retention time at a high temperature is long as inliftra-farge heat inpuf.'weldingV';'*-^^'' 
though nitride particles dissolve, in the present invention, many MgO or Mg contained oxides exist and, even though 
the nitride particles dissolve, still existing fine 6xide c particles function a^jiinriirtp, part^ ^"'^.^ ; 

20 [0058] Therefore, according to the present invention, the suppression of the prior "y ^rB9^gra3!r&i' cff fiTlASfwIiicK: 

has never been i obtained in a conventional steel, can be atemed. -, ltM i( ,. n n ^ T , 

[00591 Namely, one of the r f eatures of the presenV iWelitloiVistl'nWdltion to'lhe' remarkable improvement' 5f intra- ,fl vvw 3 
granular transformation ability,* to create the precjpitation 'nuc^ of nitrides b£ imrodUcing oxip^s ? JSUch^as MgO; etc. ; t * 
finely in steel, which is dissimilar to tee conventionale^ use of nitrides '^^ u ^; c ^ 

25 such as UN, etc. is intended, thereby ^to realizejhejncrease of the^n in case' of small heat input ... 

welding where nitrides'effe^ively f uhctib the prior y particles' wfth'the size 6f i 0 X6 200 \srri at a HAZ^due io ^ c 4 
the existence of those complex particles^ c . ^ f ^ _ ( t ^ , J.. , 

[0060] Morebver/anbtherfeatureof the present invention is that, even in large or urtra-large heat ihpufweldirig where'' ° : il ' 
nitrides dissolve and the effect of improving toughness "is never obtained fomfierty, the prior y particle size scarcely ; 
30 changes at a HAZ due to tee eff^ A ^ ^ * 

[0061] The^et^'of adding Mg Siand " K ? 

Mn firstly, thereafter, either to adjust the oxygen amount in molten steel by adding Ti beforehand and thereafter to add \ 
asmallLountoTMgiitBebyife ^ 

M 9 a 9 ain - ^cf.^^p m V <K* 

35 [0062] Though tee optimum addition. amount of Mg depends on the amount of oxygen and the like existing in molten " - ' 

steel after the addition of 71, according to an experiment, since the oxygen concentration at that time depends on the * 

addition amount of TI and the time until Mg is added, in conclusion, no other means are required than to control the "... - f , t 

addition amounts of Ti and Mg in appropnate ranges. t w . * 4 . ■ 

[0063] Further, the final optimum amount of dissolved oxygen when Mg is 'added is about J0.;1ft> ^50 p^n^Th^low^ r ^ v ; f 
limit of 0.1 ppm is the lowest amount of dissolved oxygen capable of forming fine Mg oxides, dn the other 'hahd,"if the c " 'i ' '*f * 
d ssoh/ed oxygen exceeds 50 ppm, coarse Mg oxides form and the pinning force weakens, and for that reason, the \ * 
upper limit is set at 50 ppm. J+ . . , . ' ■ u * 3 

[0064] WitKte^d^tVe C ra§r^y^ 

a method to add, metallic Mg covered by Fejoils, a\ method to add Mg alloys and the like, it is.clarified that, with the ' 
former method, oxidation reaction is intense when the metallic Mg is supplied in molten steel and thus the yield pete-^ 
riorates. For that reason, it is preferable to add Mg alloys having relatively large specific gravity when molten steeljs ^ 

refined underlie Lnoimal .a^^^^^m^ ^ .. v -^^v , A „^ v --c^ ^1^0-3 -r' ri f^os 

[0065] Hereafter ^^e^faihea will be tee reasons why the chemical composition dftfie object sfeePis definecllii the ; 4 ^ ; ^ 

present invention. _ ^. fH ^.,;s^k -ch 4 xo ?o w*^"** ^Iv-ro b3^v* 

[0066] C is a basic element for enhancing the strength of a base steel. An addition^ amount of 0.01% or more is z .*.*^ A 

required for secunng the enhancement effect. But, if it is excessively added in excess of 0.2%, weldabilrty and toughness * 

of a steel detenorate, and therefore the upper limit is set at 0.2%. _ % ^ s . ^ • „\ f ^-*^V 

[0067] Si is an indispensab^elerhent usee as.a deoxidizing element i / ~ 

more into a steel is 'required "However, If, It is adcled in excess of 6.5%7 HAZ tbugHriesV deteriorates, and'thefefore the .. " 

upper limit is, set at0 ; 5^,. zj ai /?5 , vJ ,, vr , ir ^-,;, :/ ,^^, 2 -^^ ^^r, r ^ 

[0068] Mn is an Indispensable element for securing the~ strength arid toughriess of a base steel. However, if Jt te; . J 

added in excess of 2%, HAZ toughness deteriorates markedly, but in contrast, with the addition of less than 0.3%) the : 
strength of a base steel is hardly secured. Therefore, the addition amount is limited in the range of 0.3 to 2%. 
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... *. [0069].. P is an element affecting the toughness of a steel. Since the toughness of not on ly^a base .steel but, also a^ cr f> . .-, or -? 

is set at 0.03%jj ^ sft ^o fc^ci wwzitss-j c: 
. [0070] - S fqr^s. coarse^ enj 
of less than O-P^ii^c^.^n^lS of Jon^ed su as, MnS.etc., which are ■effectiyejn the generation ^jn^- 3ryf ., Tr j/, 
5 granular ferrite, lowers greatly. Therefore, the range of the addition amount Is set at 0.0001 to 0.03%. . n o?ib-.et:3noo oJni n*3j:£i o J 
[0071] Al is usually added as a deoxidizing agent. In the present invention, the upper limit of Al is set at 0.05% since 
its addition in excess of 0.05% hinders the effect of Mg addition, and its lower limit is set at 0.0005% since Al addition >^. aT , f * • = 
of at least 0.0005% is required for forming MIIMIII 2 0 4 stably. 

[0072] Ti is an element effective in the fining o^c/ystal^ra]ns, acting as,a depxidizingjagent and£urthej f aii Jglf^ntgHE! p C'.'.J] 
10 to form nitrides.However, a large, amount of its addition causes the considerable deterioration^ tougKness : due f to the, At;; r -/ r;in 
formation of c^Wes^d tfei^ oJbsioej 
is required fqi^secujing^^osJnB 0.003^to^0.05 A» 

[0073] Mg[s v a maimaNoying^ andjs.added.as adepxidizingjgen^ r>- r > 0 

if it is added in excess of 0.01 °/&, coarse oxides tend to form and the toughness of a base steel and a HAZ deteriorates. Wli ;^ trr 
>*5 On the other hand, with the addition amount of less than 0.0001%, the fonrjatiqn.otoxides.^ ,.- , {f 

intragiBnularJransJprm^tiqn and as, pinning partlcjesjcannoti) the jange of the ad^ TO , , ; -^^v. 

dition amounts f^f^S^^ t PMfSkiiKa\ ,ai tedi .(mrrtVijj 00 f , » :.v,i -Karl agi&i--0imj bn£ (mrn\U V. r) Juani Tssn items to aeapo 
[0074] 0 (oxygen) js. an,essentiaLeiement to.form Mg contained oxides.. If the oxygen amounUinallv remainingjn a t f . t4 ™ ; 

steel is less than 0.0001%, the number of oxides is insufficient, and therefore the lowepmit is l set.at.0.0001%, l On the,; wMf , u . !tl , 

20 other hand, if^the amount of remainingoxygea exceeds JD. 008%,, coarse, oxides increase and the,toughness of a base^. .q marro y> 

steel and a H^^terjor^es, ,9ffiM^B^Fm^% ^M&PMWn ni coooaoicim noiiosla rtSiw fteMel ertqrcotoriq nsr 
[0075] Further, in the present invention, one or more elements of Cu, Ni, Cr, Mo, V, Nb, Zr, Ta and B may be added 
as the elements which enhance strength and toughness. 

[0076] Cu is an effective element in enhancing strength without deteriorating toughness. However, with the amount 
25 of less than 0.05%, the effect d oes not appear, but, w ith the amount exceeding'1 .5 %, cracks tend to occur during the* ^ 
heating of a sl ajjjjjjj^^ " I ".Ti 



[0077] Ni is an.effective^l3^hlJn!enhan^ securelthe'effect,;anladdftion.am 

" ' deteriorates? ari^ therefore 



of 0.05% or 
the upper limit is set at 5%. j j * $ 
30 [0078] Cr is added in the amount ofi0i02% 
hardening, but[a"Jarge| amount of itsjaddition 



tsjadd 

deteriorates toughness. Therefore, the^Jpper 



CG00.G * SilO.O j .0 i *fc0O.3 j COO.O 

or^more {or, ejf ect[velyjenhancing. the strength 



exceeding ;i<5%. raises h alienability, generates aibainite structure and 



oe . i ! bo . o 
of a steel by 

— ~ t 



0V. 0 | 01.0 



oi. o i : e 5 

precip.itation • fc 0£ 



sx.o 



f r . , lim^is set at*1f5%i^f:.oUsoo.oUta.o 
[0079] Mo is an element which enhances hardenabilityiand atthe same time^imprpves'strenptnbyfqmiingcarbon- 
rtndes. The addition amount of c0.02%-or, more js.required- for. secunng, the effect, but the addition. in Jarge .amount rt 
35 exceeding 1 .5% enhances strength excessiyely{.and deteriorates toughness ppns.iderably^Thejeforejttrie range of the j 0 , 
content is set at 0.02 to 1 .5%. js^DO.oj s^cco | fr^o.C j £MD.n j SCOO.O I £00.0 j j ss.O J «$.0 ^ J -rflWf|J | ^ ? 
[0080] V is an element which forms cafiSides an^nitndes T and is' effective ih Vn r hahcih ft g'strengthf but r the effecf cannot u*. . 51 
be secured with the addition amounCofJess than^O.0,1% and, in contrast with this,rtoughness detenorates with theo^^ , I* 
addition amourit^of exceeding 0.1%.|llierefqre,(thejange of Jhe content js. set at. 0;^ j es 0 j e j ■ 2i 

40 [0081] Nb is amelement which^formscarbides and.nitrides and:is effective in enhancing strength; butthe effect cannot , : 
be secured with the acldition! amount- of- less } than 0.0001% and toughness deteriorates with'the; addition amount of ■ - 
exceeding 0.2% .^Therefore, the range xff the content is set at 0.0001 to 6,2%:' " ^ '* i Z r '. * t » \' c ^ [ . 1 I 
[0082] Each of Zr andjja is^like rjlbtan' element which forms carbides and^nitrides: and js, effectjye in^enhancing 
strength, but the effect Wnnotbe secured with of ^ lesSithan^d.q6oi% and^. in .contrast with this, r : .'^ 
45 toughness deteriorates with the^additioncamount of exceeding 0.05%. Therefore, .the; range :otthe:content. is jset at 

0.0001 to 0.05%. j J 50.0 JorOO.oj 0500.0 j KZO'.i i SC*n Q I 55.30.0 j £00.0 J «0.X j IE.0 J 60.0 j 

[0083] B generalfy-enhances-hardenaB^ of solid solutjprV ^arid- is.an elOTent-whicr?9ecreases^ 

N in solid solution by forming BN and .enhances .the toughness ol a weld heat-affected zone- The above .effects can 
be secured with the addition of O.OOOSjyoCor.more^but.its excessive; addition. causes the i deten^ratiqn.of, toughness and 
so therefore the uppTer limit is set at 0.005%f o J ;zoo o j e.:o . o ( - - \ a^oo . ■:■ j j Ji . t \ . t> j sx . 0 j 

[0084] Ca anb REM: suppress the!genera1ion 5 6Yelongafed MnS by : fo7mfng sumdes^and improve Jhe properties in 
the p ate thickness direction of a steel matenal, particularly a lamellar tear property. Each.of Ca and REM.cannot secure,^ 
those effects with the addition of less^than 0.0005%.and tiTerefqre\theTl6wer.rlimrt jsiset at;0iP0p5%r.ln contrast withoffc 
this, with the addition; ex^ceeding 1 0.od5%'5 the number of the'oxides of Caf arid REM mcreasestend the: n umber "of ultra- 
fine Mg contained oxides decreases! '^Ifer^W&^ucp^llmlt is set at "6.005% * \ c °° ■Ojw-o|«i).o w.ol : zz 
[0085] Asteelconteiningaboj/e^memioned 5£ 
heavy plate thus produced Js b^^dffl^^Hed ^ g^g c ase,, with regard to a . ro II i ngimethodi .a he ating and;cooling . ^ 
method and a hSttreatment method, even though methods^on^htionally applied in the relevant fields are adopted! " 
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there is no affection to HAZ toughness at all. : ' ; • - '* • 

[0086] In particular, based on the fact that the smaller the grain size iof a base steel is, the larger the grain size and 
the difference thereof at a HAZ are, the fining of a prior y grain size at a HAZ according to the present invention 
demonstrates a large effect even in the case that not only HAZ toughness but also hardness matching, etc. haveto : 
be taken into consideration. ' ' * ' v ' * v - ; " ? ' ' 
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[0087] Examples according to 'the- present invention will be described hereunder. - 
[0088] Steel ingots having the chemical compositions shown in Tabies 1 and 2 (continued from Table i) were sub- - 
jected to hot rolling and heat treatment ahd : produced into steel plates, and thereafter the steel plates were'welded 
with the small weld heat input of 1 .7 kJ/mm', the large weld heat input of 20 id/mm and the ultra-large weld heat Input 
of 150 kJ/mm. Then, prior y grain sizes at HAZs were measured with the aforementioned T cutting method and the 
susceptibility of HAZ toughness (test pieces were taken from the region of the coarsest grains) to heat inputs was 
evaluated by the Charpy impact test. The result are shown in Table 3\ J> v 0 , ;° 
[0089] Note that AvEo in fable 3 is obtained by calculating the difference of Charpy 'absorbed energy beiSv'een the 1 
cases of small heat input (1 .7 kJ/mm) and ultra-large heat input (150 kJ/mm), that is, [toughness in case of small heat 
input: vEo (J)] - [tbughhess in case of ultra : large heat input: vEb (J)], and^each^s^ erlergy is 'aW average of the 
values obtained bf the measurement of mtee testpie^^^C^ ■■■■ wtar lM«wr cf: .tf r C *.<) r^; 
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Steel 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

ie 

19 
20 

20- 2 
21 

21- 2 
22 



23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 



Invent- 
ed 

steel 1 



LCD o 



Compar- 
steel V 



0.05. 
0.15 
0.10 

iF.Sf 

0 .15 

o.ia 

0.19, 

oris 

6.09 

0:07 

0.09 

0.11 

6.12 . 

6.X3 

0.06 

6": 05 

t 0.06t 

0.14 

0.12 

1 \ , \n r 

0.01 

b:6i f 

0 . 08 
0.08 
0.08 



0.25 



0Jl7 
0:14^ 
0.12 
0.15 
6.17 
0.18 
r 6:69' 
0:07 
0.1B 
0.16 
0703 
0-.07 



Si- 



0.10 

0T13 

0.08 

. j \. . 

0:07 
0.25: 
0.10 
.0.02, 
0.15 

o:V7 

0:20' 

0.22 
0.25 

0.09 
0.2B 
0V32 
;0.\4B 
0.24 
0.28 
0:12 
0Yl2 
0v31 
0.31 
0.31 



0.18 



o;i2 

0.25 

0.05 
6.09 
0.12 
0.05 
0.22 
61 41 

:6i;35 



1 Mn 



1.21, 
1.32' 
1.50 
1.60 

;ii47: 

0.70 
P-31 
i:27 
i:90 
1.54 
1.48 
,1,35 
1.21 
1.35 
1.05 
V.2X 
lv35» 
1.45 

6; 90 

ot : 9d 
i l :.09i 

1.09 
1.20 



1.54 



2.40 



1.11 
0.95 
0.50 

r;o2 

b'.isd 

0.90 

0.45 

0.78 
ll79 



t Cheaical l coaposltionr-(ma3Q%)' 1 r "'^ r-VV'^o^i r.'r.'^rt 



0.005- 
6.008 
0.003 

a. oot 
0:009 

0.026 

.0.003, 

o';oo? 

0.005 
0.008 
0.002 
0.004 
0*006 
0.006 

0:004^ 
6-003 
0.002 
0.004 
0-017 
0'. 003 
6.003 
0.002 
0.002 
0.004. 



0.005 
0.007 
6.015 
0.040 



,0.003 

j ' , c< c . 

0.002 
0.005* 

b .*6b3* 

0.024 
0.002 
0 . 004 
6.003" 
0.002 



s 



0.0030 
6V0653 
0.0044 
0T0035 
0.0053 
0.0029 
0.0228 
6 0051 
0.0002 
0.0041 
0.0032 
0.0026 
0.0105 
0 i 0031 

6l"o6¥3 

0.0031 
0:0042 
0.0053 
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6.6923 
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Tab le 2 ( continue from Table 1) 









U.J V 
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Chemical com 


position' tmass% 
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Composition 


5 


steel"' ^« 


Mb 


,} 


t '•' 
V 

i 


Nb ( 

.,.4... 


. ■ 

Zr 1 

_ _ J_ 


<•." 
Ta 


' * 'J 1 

B 


Ca ,,, 

i.. J — 




reqiM-remant o£ 
the present 

.invention _! . . 




1 




•j i * 






"0.13B0 










0.0020 


.10 
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i 












0 . 0612 




3i*,s r;0: Ji j m . 




3 




0.30 


0.04 
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0.0008 




10 


Si 

6 1 




J t£ 
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t 

1 c 
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i 
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15 


8' 
9 
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0.05 
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0. 
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ed 
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0.10 
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20 
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Table 3 (continued)/; v;x c ^.^t^^^ 1 
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Table 3 . (continued)^ . - „C .- t i 
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~T d1 


' d2 


d3 


:*; t ;.^ia 




vEo 


AvEo* 










method • 

[ i 


, thickness 














(kgf-m) 




5 




(mm) 
















17 


t 2 6 


-Quenching 
and 

tempering 


v — r 80go 




95 : 


- 135- 


-72?j 


70 c 


IS p'* IllOi ■ 


— 1.9 - 


- _ ... — > 
t ? 1 




18 




Controlled 


60 


• 80 


95 


140 


. ,85 . , 
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Table 3, (continued) 
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d1 : prior. y grain size at the heat input of 1 .7 kJ/mm } ^.-.^ •. r./n.*: j 

d2: prioriy grain size at the heat input of 20.0 kJ/mm . | ( .;->. ;; ; r 

d3: prior y grain size at the heat input of 150.0 kJ/mm (note that d3 of the steel 20-2 is the priory grain size at the 



kJ/mm 



heat input of 60.0 kJ/mm) | % ;: j &e j - r | 3fi 
M : average particle interval of Mg contained oxides (0^ to 5.0 urri) 
12: average particle interval of Mg contained oxides (0.005 to 0.2 jam) 

vEo (kgfrm): Charpy absorbed energy at 0°C in case of the heat input of 1.7 rw/nnu , p.uiCv... 
AEo (kgf-m)j [Charpy absorbWenergy at the heat input of 1.ZkJ/mm] - [Charpy absorbed jenergy the heat input 
of 150.0* kJ/mm (or 60.0^kJ/rrim)r : ' ' ! ^ I ^ ' " -'/^i.'." ! 

[0091] The steels 1 to 22 show. the examples according to the present invention. As is clear from Table' 3, the prior 
y grain sizes ; of-these invented steels are all 200 pjn or less in the wide heat input range from small heat input to ultra- 
large heat input Though the steels 20-2 and 21 -2 have almost the same chemical compositions as those of the steels 



be 
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20 and 21 , respectively, the deoxidizing conditions are varied and the Mg amounts are somewhat different., Though r . 
X1 in case of the steel 20-2 and X2 in case of the steel 21 -2 are outside the range specified in the present invention, ^ ^ 
even in these cases, it is observed that the grain size of the steel 20-2 scarcely changes and it is understood that the^ . ;Vj 
grain size of the steel 21-2 is 200 \m or less at the heat input condition of 60.0 kJ/mm. Further, Charp^s^orbed Q 

5 energy of ail those invented steels exceeds 1 0 kgf-m and it shows that the above invented steels have highjtou^hnes^ Q 2 
[0092] Moreover, the difference of Charpy absorbed energy between the cases of small heat input jand uj£a-jarge 0 }A 
heat input is as small as 4 kgf-m at the largest and HAZ toughness does not vary even on the wide-ranging Jieat^irj^ut^ • 
conditions. Dfl£ ^ ra o OJ r00G 0 PtVj 

[0093] Note that there are cases where minus symbols are placed on the values of the aforementionejJ^QJiarpy 

10 absorbed energy differences and that shows the toughness is improved in spite that the prior y grain sizes become 

large. This results from the fact that the intragranular transformation ability of Mg. contained oxides, is extremely larae, . , +; 

a ^ rdin 9- t0 ^B^^L n JW^nu| 00 r of OS to fevrnni ayi..^ if .:. PS is Issia ertl ni bD3i30?tb astoitisc; pnival boa 
[0094] On the^^,^e^teels 2|^o f 35 arelhe c^paratiye steels produced o^other. cp^ bsrr ™ 

specified in the present invention, More, specmc^ly, the t cqmparative steels 23, 2f , 25,26, 2^29^33, 34 and 35^ . ^ 

*5 are the cases, where at least one of the basic components or the selective elements is added jn^the, amount outeide , 
the composition ran^^ .... r^.^oc m ^em^o^i^Zo^ 

[0095] I n the af o rem ention ed comparative steeis , thou gh th e ave rage grain intervals of oxides , wnic^.are anjmpoHant e p o ^ 
requirement in the present invention, mostly satisfy the requirements specified in the present invention, "elements caus- 
ing toughnessjete^ ^Wc?=!SM tedzaA 

20 wnen the stee,s are welded on sma " heat '"P" 1 conditions and ultra-large J^^l^^ffi^^mtol ni pninistnoo wmul vd 
[0096] Comparative steels 28 and 31 are the cases where the amounts of Al and Tl are lower than their lower limits 
specified in the present invention, respectively. In these cases, priory grain sizes coarsen as the heat inpjjtjncreages ^ 
and thus the both comparative steels have poor toughness. ^ 3 f ^ 0 

[0097] Comparative steel 32 has no Mg addition, and under a small heat input condition, has good toughness. JBu'tj 

25 under an ultra-large heat input condition, the steel has considerable deterioration of toughness and, conse^uenily/the ^ 
large Charpy absorbed energy difference of 1 0.3 kgf-m. ^ r 0 Q? ^ Q v , 

[0098] All of the comparative steels mentioned above have low HAZ toughness, and moreover the H^loughne^* ^ 
further deteriorates when heat input amount is high. 0 ct V 0Cn 0 ^ 

[0099] Comparative steels 33 and 34 have many fine oxides and, because of that, have largely^detej^^ted tough^ ; ^ 

30 ness even though the prior y grain sizes are sufficiently small compared with other cases. " O raoo 0 ot 8000 0 a 
[0100] The reason is that coarse particles of 5 urn or more are mainly generated caused by the addition of an ex : 

cessive amountof Mg„or Ciand then.brittle fracture is accelerated. , k ^ NnrtW VAUH4! ( ,^,M . „ ~ * 

[0101] Comparative steels 36 and 37 are the cases where their chemical compositions : are the (same as tfiose.of the . A . 
invented steels 1 and 2, respectively, but the amounts of oxygen dissolved in molten steel exceed 50 ppm when the 

35 prescribed amounts of Mg are added at the final stage, bfJR ^ ogno Q oj d0QQ 0 s0 

[0102] After all, in comparative steels 36 and 37, ultra-fine oxides are not generated sufficient^l^the^ste^g and^~ 
therefore the coarsening of priorygrains and the considerable deterioration of toughness occur. " 

f erni6jo lo ?no yne oi g^ibiooos tUQn ; n»s-: - ' u * • :y«n:-^uo.' ^AH oiuiouua bcbisvv a Us;^ A 

[0103] According to the chemical compositions and the production method specified in the present invention, the 
growth of priory grains, at a HAZ can ; be suppressed, while disregarding heat input conditio ns, , by either adding a t 
prescribed amount pi Mg properly after adding Ti or adding a prescribed amount^ot Mg. properly .'after adding Ti.and^ 

Mg simultaneously. , v ^, v9 .-; v :t 0 r c-nn'.^-»-» - '■ "OC ;^ "-.n r.-i -I'atv ; " v • • 

[01 04] In the preserit invention, it is possible to enhance HAZ toughness over wide-ranging heatlriput conditions by f> 

1 J ^iwJ >U CiiirJUO 1U i]*' t iyi;*.'iV,t>?3i H ifi t iu: u*r !te tc »J i • . i ' • ~ . ' »i '-.CI J . .cj^t/tC\*D ,sc CV,\ L Iti5 OH' l^U 10116 Vl£' r jC'0 1 IB J 

the suppression effect. . 0i , . . / ., . . 

[0105] As a result, in various technical fields including offshore structures, line pipes for transporting natural gas or 

crude oil, architecture, shipbuilding, bridges and construction .equipment, safety against brittle fractures ,pf welded (J 

vv\u>&)+*h iiKinv itftf.-i 'ir&QUiXzzaiitiu si .• V- .\ : ± . -ol-v^ OaJf^w » »oi isms b pnuuboiq io> corjjrn A 

structures isjemarkably improved..,, ^„ ^ „ . 4 . ^ . t . . h A „ f . 

[0106] The, present invention can, accordingly, greatly contnbuteto the development of vanous industrial technolo- , 
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A steel for a welded structure with HAZ toughness not susceptible to heat input, characterized by: containing, in 
terms of wt%, 
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C:o.oi tbo.2%, ' r;V - : * " ; - : • / " • ' >J ' 

Si: 0.02 tb 03%] : " : " : • v " ' r ^ " '* " 

Mn:0.3to2%: V" V* ' '.V* " " 

P: 0.03% or less, 
S: 0.0001 tooTo3%,' :r 
Al: 0.0005 to 0.05%, 



Ti: 0.003 to 0.05%;' ' ' ' ■'■ov. • ■-■ . . - ..■ ^ 

Mg: 0.0001 to 0.01%, and 

o: o.dbof to aoo8%; '*" r * : ' fs v " % — v- : 



v. 



with the balance consisting 6f Fe and Unavoidable impurities';'^' • r r ' - r ~' : r ~ '**' y]' . "' 

and having particles dispersed in the steel at an average particle interval of 30 to 100 urn; the ^ particles being : y 
formed by precipitating either any ope of sulfides and nitrides singly or the both thereof in combination Using Mg ! " 
contained^oxides^'with' the' pVrticle sizes* of 6.2 to 5 p/ri as' their nuclei or particlei^deperaed in the steel at an ■ ' J 

average particle interval of 30 jihi'b'r less , the' particles being formed by precfpitatihg either any one of sulfides and " • : 
nitrides singly or the both thereof in combination using Mg contained oxides with the particle sizes of 6.005*16 less 1 t ,r * r 
than 0.2 ffi&mWm*-- 4 X:*-****™ " : < v*^**o*^o*.^*.**xw*^ • V--^ 

A steel for a welded structure with 1 HAZ toughness not susceptible to heat input according to claim 1 , characterized 

by further containing, in terms of wt%, one or more o? 

Cu- 6 l 05 ?o ? f 5%*™ '* r,) ^ nc21ECt; ^ : - :v - ^ ! ^V"* ^-'^"'j SfiSrtJ .vHVv^'C^qc ji ,ft^nsvri:rv ^^iv : « I b^ii j^r.o 
Ni: 0,05 to 5%, ' ^-nr^^r-ccc CVr.rt ctr^Qv^t>-^> -r j ,jn-; ^ 

Cr 6 5 02 to f 5^ Cl ^"" C r ^^ r ' or> ^^ rii fj j!m - 1 *"^ ri - J " ?f,s ,-Ct!i:.ir):. C ' - «s^3 SvOE'-V^rncO lUlt^j 

Mo* 6 02 to 1 l 5^ ; er - 3r;:Si '-^'^^ ^^3A-J;^r:-b*3:uv^;:.c«no ls; i^r*^',v;t .» j-rctOD U-q^ v^. ' ;.1u 

V: 0.01 to.o.i%._ , ...... ri> V f ' : ' ' ; c :,v ' s,h ; - Vw ^- ; ^.;^';: 



Ta: 



Nb: 0.0001 to 0.2%, 

Zr: 0.0001 to 0.05%, ' >nv ^^^^ tv , " 1J * ; ' f,i 

• 6 ! 0001 ^0 : 05% i: anS 3 ^ 3i eV6!< -° * oc ' ' c - aa^oe^irvnan 3vr,.-i b-^: 0u t ov! v?^t-rvioO i'C^SC] 

B- 0 0003 to 0.005%. ^ b ^ ^ a ^ B r ^^« ^ r: - y ^ 

A steel for a welded stmcture with HAZ toughness not susceptible to heat input according to claim 1 or 2, char- v ; ; ' 

acterized by further containing, m terms of wt%, one, or more of * 

Ca: 0.0005 to 0.005% and . ... ; • : ,T * *' „ '. . , ; ' 

A steel for a welded structure with HAZ toughness not susceptible to heat input according to any one of claims 1 ^ 

to 3, characterized by having the prior austenite grain sizes of 1 0 to 200 |im in its HAZ structure without depenBirijj H 1 f '" 

on weld heat input. . t . , 

A methdci focproducihg a steel for a welded structure with HAZ tough ness; insusceptible to h eat input according"' ktf 

to any one of claims 1 to 4, characterized by: casting the steel in^the state of adjusting the dissolved oxygen i ;^ ' ; 

amount at 50 ppm or less by adding 0.003 tb 0.05 wt% of 71 and a required amount of Mg successively or siiWul- ° ; ^ 

taneously after carrying out a weak deoxidation treatment by adding Si and Mn at a steelmaking process; or casting ^ - u WJ 
the steel after further adding Mg so that the final content of Mg is.0.01 wt% or less. , ^ orr * rj °^'^^ ^ ;^ 

A method for producing a steel for a welded structure with HAZ toughness insusceptible to heial ^input according;^ _ ; ^ 
to any one of claims 1 to 4, characterized by: casting the steel in the state of adjustinglh"e 0 dWoived bxygen ' . / 

amount at 50 ppm of less by adding 0.003 to 0.05 wt% of Ti and required amounts of Al, Ca and Mg successively - J/ 

or simultaneously after carryjng out a weak deoxidation treatment by adding Si and Mn at a steelmaking process; ^ * 9 
or casting the steel after further adding Mg so that the final content of Mg is 0.01 wt% or less. 
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Ti added Al&deoxidized 
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deoxidized steel: 
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Mg deoxidized steel: 
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^ Mg deoxidized^ stejel ; 



satisfy both 1) and 2) 
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